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PROCESS FOR R-EPIMER ENRICHMENT OF 16,17-ACETAL DERIVATIVES OF 21-ACYLOXY 
PREGAN- i ,4-DIEN- 1 l.BETA.,16ALPHA„I7.ALPHA.-TRIOI^3^0-DIONE DERIVATIVES 

Field of the invention 

The invention relates to a novel process for increasing the proportion of one epimer in epimer mix- 
tures of certain pregna-1 ,4-diene-3,20-dione 16,17-acetal 21 -esters. 

Prior art 

DE-A 41 29 535 discloses epimeric pregna-1 ,4-diene-3,20-dione 16,17-acetal 21 -esters with an antiin- 
flammatory action. These have a butyl, isopropyl, sec-butyl, cyclohexyl or phenyl radical on the cyclic 
acetal ring, and their C-21 hydroxyl group is acylated by an acetyl or isobutyryl radical. The application 
describes how the respective R-epimer is obtained, starting from an R/S mixture, by preparative high- 
pressure liquid chromatography (HPLC). International Patent Application W095/24416 describes a 
process for the epimer enrichment of pregna-1 ,4-diene-3,20-dione 16,17-acetal derivatives by silyla- 
tion, fractional crystallization and acid hydrolysis. 

Description of the invention 

In the case of active ingredients having one or more chiral centers, one stereoisomer, for example an 
epimer, is often more effective or associated with fewer side effects than the other. Obtaining the de- 
sired stereoisomer as selectively and purely as possible is therefore of great importance for chiral 
active ingredients. 

According to the invention, a novel process is provided which, surprisingly, permits the separation of 
the epimers of certain pregna-1 ,4-diene-3,20-dione 16,17-acetal 21 -esters. 

The invention relates to a process for increasing the proportion of the R-epimer in an R/S-epimer 
mixture of compounds of the formula I (see attached formula sheet), where R1 is 1-7C-alkyl or 3-8C- 
cycloalkyl and R2 is 1-7C-alkylcarbonyl or 3-8C-cycloalkylcarbonyi, which comprises subjecting the 
R/S-epimer mixture of the compounds of the formula I to fractional crystallization. 

This fractional crystallization, which can also be repeated if necessary, permits, according to the in- 
vention, the R-epimer proportion to be increased to >97%, in particular to >99%. 
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1-7C-Alkyl is straight-chain or branched alkyl radicals having 1 to 7 carbon atoms. Examples which 
may be mentioned are the heptyl, hexyl, neopentyl, isopentyl, pentyl, butyl, iso-butyl, sec-butyl, tert- 
butyl, propyl, isopropyl, ethyl and methyl radicals. 

A preferred 1-7C-alkyl radical R1 is the propyl radical. 

3-8C-Cycloalkyl is the cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl or cyclooctyl radi- 
cal. A preferred 3-8C-cycloalkyl radical R1 is the cyclohexyl radical. 

1-7C-Alkylcarbonyl is a carbonyl group to which one of the aforementioned 1-7C-alkyl radicals is 
bonded. Examples which may be mentioned are the acetyl, propionyl, butyryl, pentanoyl and, pref- 
erably, isobutyryl radicals. 

3-8C-Cycloalkylcarbonyl is a carbonyl group to which one of the aforementioned 3-8C-cyc1oalkyl radi- 
cals is bonded. The cyctohexylcarbonyl radical is preferred. 

A particularly preferred embodiment of the process according to the invention is increasing the pro- 
portion of the R-epimer in an R/S-epimer mixture of compounds of the formula I in which R1 is cyclo- 
hexyl and R2 is isobutyryl, which has the chemical name [11beta,16alpha (R t S)]-16,17-l(cyclohexyi- 
methylene)bis(oxy)]-1 1-hydroxy-21 -(2-methyl-1-oxopropoxy)-pregna-1 ,4-diene-3,20-dione. 

The fractional crystallization of the R/S-epimer mixture of the formula I is advantageously carried out 
from a solution of the R/S-epimer mixture of the formula I in a mixture of water and a suitable, water- 
miscible organic solvent. 

The process according to the invention is carried out by dissolving the R/S-epimer mixture of the for- 
mula I in a suitable, water-miscible organic solvent, expediently at elevated temperature, in particular 
at the boiling point of the solvent used. The subsequent addition of water is expediently carried out 
with stirring and whilst maintaining the elevated temperature, in particular at the boiling point; after the 
water has been added, the mixture is cooled, preferably to room temperature, with vigorous stirring (in 
order to obtain as finely crystalline a product as possible). 

Alternatively, the R/S-epimer mixture of the formula I can be suspended in a mixture of water and a 
suitable, water-miscible organic solvent and dissolved by heating, in particular to the boiling point of 
the solvent mixture. The solution is then cooled, preferably to room temperature, with vigorous stirring. 

Cooling is advantageously carried out slowly, preferably over a period of from 2 to 10 hours. 



- 2 - 



WO 98/09982 



PCI7EP97/04716 



The subsequent fractional crystallization can advantageously be influenced by adding seed crystals, 
preferably those of the respective pure R-epimer of the formula I. 

Examples of suitable, water-miscible organic solvents which may be mentioned are acetone or in par- 
ticular alcohols, such as isopropanol, n-propanol, methanol and preferably ethanol, and their mixtures 
in any mixing ratio. To dissolve 0.18 mol of R/S-epimer mixture of the formula I, 190-700 ml of the 
suitable water-miscible organic solvent, preferably 300-400 ml, are expediently used. The volume ratio 
of the water to the water-miscible organic solvent is preferably in the range 0.1-1 [v/v] t in particular 
0.25-0.75 [v/v]. 

The R-epimer-enriched R/S-epimer mixture of the formula I is then removed from the solution in a 
manner known to the person skilled in the art, in particular by filtration. 

In implementing the process according to the invention, it is advantageous to start from those com- 
pounds of the formula I in which the proportion of the R-epimer has already been increased, for ex- 
ample the content of R-epimer is >75%, in particular ^85%. The compounds of the formula I are ob- 
tained in a manner known per se, for example as described in DE-A 41 29 535. Alternatively, com- 
pounds of the formula I where R1 and R2 are as defined above can also be synthesized by acylation, 
starting from corresponding compounds of the formula I where R2 is hydrogen. Such starting com- 
pounds are described for example in W095/24416. Acylation is carried out in a manner known to the 
person skilled in the art, e.g. as described in the examples. 

The following examples describe the invention in more detail. RT stands for room temperature, min 
for minute(s), h for hour(s), m.p. for melting point and abs. for absolute. 
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Examples 



1. 316 g (584 mmol) of [11beta,16alpha (R f S)]-"16,17-I(cyclohexylrnethylene)bis(oxy)]-11-hydroxy-21- 
(2-methyl-1-oxopropoxy)-pregna-1,4-diene-3,20-dione 1 referred to as A hereinafter, (crude product, oil, 
R/S epimer ratio approximately 90/10) are dissolved in 1.1 I of abs. ethanol, and 700 ml of water are 
added to the boiling mixture. The mixture is allowed to cool to RT with vigorous stirring, and the pre- 
cipitate is filtered off with suction, washed with 500 ml of abs. ethanol/water 2/1 and dried for 5 h at 
50°C in a vacuum drying cabinet. 

Yield : 237 g (438 mmol, 75%) of A, R/S epimer ratio approximately 95/5. 



m.p.: 1 99-201 °C. 

The product is dissolved in 900 ml of abs. ethanol; 650 ml of water are added to the boiling mixture, 
and the product is isolated as given above. 

Yield: 209 g (386.5 mmol, 88%) of A, R/S epimer ratio approximately 97/3. 



m.p.: 201-203°C. 

The product is dissolved in 800 ml of abs. ethanol; 450 ml of water are added to the boiling mixture, 
and the product is isolated as given above. 

Yield : 178 g (329 mmol, 85%) of A, R/S epimer ratio approximately 98.5/1.5. 
m.p.: 205-206°C. 

The product is dissolved in 600 ml of abs. ethanol; 350 ml of water are added to the boiling mixture, 
and the product is isolated as given above. 

Yield : 161 g (298 mmol, 90.5%) of A, R/S epimer ratio >99.5/0.5. 



m.p.: 206.5-207"C. 

2. 1.5 g (2.77 mmol) of A (R/S epimer ratio approximately 89/11) are dissolved in 3 ml of abs. metha- 
nol, and 1 ml of water is added to the boiling mixture. The mixture is allowed to cool to RT with stir- 
ring, and the precipitate is filtered off with suction, rinsed with a little methanol/water 3/1 and dried as 



above. 



Yield : 1 .21 g (80.6%) of A, R/S epimer ratio approximately 93:7. 
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3. 5 g (9.25 mmol) of A (R/S epimer ratio approximately 91 .5/8.5) are dissolved, with boiling, in 15 ml 
of isopropanoi, and 10 ml of water are added to the mixture. The mixture is allowed to cool to RT with 
stirring, and the precipitate is filtered off with suction, rinsed with a little isopropanol/water 2/1 and 
dried as above. 

Yield : 4 g (80%) of A, epimer ratio R/S approximately 94/6. 

4. 1.5 g (2.77 mmol) of A (R/S epimer ratio approximately 89/11) are dissolved, with boiling, in 4 ml of 
acetone, and 1 ml of water is added. The mixture is allowed to cool to RT with stirring, and the precipi- 
tate is filtered off with suction, rinsed with a little acetone/water 2/1 and dried as above. 

Yield : 1 .12 g (75%) of A, R/S epimer ratio approximately 95/5. 
Preparation of the starting compounds of the formula 1 

A: n 1beta.16alpha (R.S^16.17-KCvclohexvlmethvlene)b is(oxv^1 1-hvdroxv-21-(2-methyl-1-oxo- 
propoxvVpreqna-1.4-diene-3.20-dione 

10 g of [11beta,16alpha (R,S)]-16 J 17-[(cyclohexylmethylene)bis(oxy)]-11,21-dihydroxypregna-1,4- 
djene-3,20-dione and 6 g of potassium carbonate are suspended in 50 ml of acetone; 4.4 ml of isobu- 
tyric anhydride are added with stirring, and the suspension is refluxed for 2.5 h. After the mixture has 
cooled to RT, 100 ml of water are slowly added to the suspension. The product is filtered off with suc- 
tion, washed with water and dried. The R-epimer proportion is increased as described above. 

Yield of crude product: 11.4 g (99.3% of theory) of [11beta ( 16alpha (R,S)]-16,17-[(cyclohexylmethyle- 
ne)bis(oxy)]-11-hydroxy-21-(2-methyl-1-oxopropoxy)-pregna-1,4-diene-3,20-dione. 
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The epimer ratios are determined 

HPLC conditions: 
Column material: 
Detector wavelength: 
Sample concentration. 
Sample volume: 
Flow rate: 
Oven temperature: 
Compound A: 



HPLC. 



Hypersil C18, 5 pm, 125x4.6 mm 

242 nm 

0.5-1 .5 mg/ml 

20 pi 

1 ml/min 

20°C 

eluent water (45%)/ethanot (55%) 
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Patent claims 



1. A process for increasing the proportion of the R-epimer in an R/S-epimer mixture of compounds 
of the formula I 

OR 2 

O. 

'•if o. 




^ Rl 



CD 



where R1 is 1-7C-alkyl or 3-8C-cycloalkyl and R2 is 1-7C-alkylcarbonyl or 3-8C-cycloalkylcarbonyl, 
which comprises subjecting the R/S-epimer mixture of the compounds of the formula I to fractional 
crystallization. 

2. A process as claimed in claim 1 , wherein the fractional crystallization of the R/S-epimer mixture 
of the formula I is carried out from a solution of the R/S-epimer mixture of the formula I in a mixture of 
water and a suitable, water-miscible organic solvent. 

3. A process as claimed in claim 1, wherein the R/S-epimer mixture of the formula I has the 
chemical name [11beta,16alpha (R,S)]-16,17-l(cyclohexylmethylene)bis(oxy)]-11-hydroxy-21-(2-me- 
thyl-1 -oxopropoxy)-pregna-1 ,4-diene-3,20-dione. 

4. A process as claimed in claim 1, wherein the proportion of the R-epimer in the R/S-epimer 
mixture of the formula I has been increased. 

5. A process as claimed in claim 2, wherein the suitable, water-miscible organic solvent is ethanol. 

6. A process as claimed in claim 2, wherein the suitable, water-miscible organic solvent is metha- 
nol, n-propanol, isopropanol or acetone. 

7. A process as claimed in claim 2, wherein the suitable, water-miscible organic solvent is a mix- 
ture of organic solvents. 



- 8 - 



INTERNATIONAL SEARCH REPORT 



Interr ™i Application No 

PCT/EP 97/04716 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 6 C07J71/00 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 6 C07J 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search ;name ol data base and, where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ' Citation of document, with indication, where appropnate, of the relevant passages 



Relevant to claim No. 



WO 92 11280 A (INST FARMACEUTYCZNY ) 9 July 
1992 

see example 1 

A. THALEN: "Epimers of budesonide and 
related corticosteroids. III. Synthesis 
and structure elucidation by carbon-13 and 
proton nuclear magnetic resonance 
spectroscopy" 

ACTA PHARMACEUTICA SUECICA, 

vol. 24, no. 3, 1987, 

pages 97-114, XP002052944 

see page 98, line 6 - page 99, line 2 

see page 109, last paragraph 

see page 110, last paragraph 

-/-- 



1,4 
1-7 
1-7 



Further documents are listed in the continuation of box C. 



Patent family members are listed in annex. 



0 Special categories of cited documents : 

"A" document defining the general state of the art which is not 
considered to be of particular relevance 

"E" earlier document but published on or after the international 
filing date 

"L" document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O" document refer nng to an oral disclosure, use, exhibition or 
other means 

"P" document published prior to the international filing date but 
later than the priority date claimed 



T" later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X" document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

"Y" document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art, 

document member of the same patent family 



Date of the actual completion of themternational search 



22 January 1998 



Date of mailing of the international search report 



05/02/1998 



Name and mailing address of the ISA 

European Patent Office. P B. 5818 Patentlaan 2 
NL - 2280 HV Rijswijk 
Tel. (+31-70)340-2040. Tx. 31 651 epo nl. 
Fax: (+31-70) 340-3016 



Authonzed officer 



Watchorn, P 



Form PCT/ISA/210 (second sheer) (July 1992) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



Interr -\ai Application No 

PCT/EP 97/04716 



C.<Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ; Citation of document, with indication.where appropriate, of the relevant passages 



Relevant to claim No. 



WO 94 22899 A (BYK GULDEN LOMBERG CHEM FAB 
;GUTTERER BEATE (DE) ) 13 October 1994 
see examples 8,12 

EP 0 262 108 A (ASTRA PHARMA PROD) 30 

March 1988 

see examples 1,2 

WO 9B 24416 A (BYK GULDEN LOMBERG CHEM FAB 
;GUTTERER BEATE (DE)) 14 September 1995 
cited in the application 
see the whole document 



1-7 



1-7 



1-7 



2 



Form PCTASA/210 (continuation of second sheet) (July 1992) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 

information on patent family members 



Inter jnal Application No 

PCT/EP 97/04716 



Patent docLiiTipnt 
cited in search report 


Pi ihlifA tinn 

date 


Patent family 
member(s) 


Publication 
date 


WO 9211280 A 


09-07-92 


PL 


164294 


B 


29-07-94 






AT 


119165 


T 


15-03-95 






DE 


69107863 


D 


06-04-95 






DE 


69107863 


T 


06-07-95 






EP 


0569369 


A 


18-11-93 






ES 


2069411 


T 


01-05-95 



WO 9422899 A 



13-10-94 



AU 


683463 


B 


13-11-97 


AU 


6538194 


A 


24-10-94 


BG 


100032 


A 


31-05-96 


CA 


2159627 


A 


13-10-94 


CN 


1120339 


A 


10-04-96 


CZ 


9502529 


A 


17-01-96 


EP 


0701565 


A 


20-03-96 


FI 


954579 


A 


27-09-95 


HU 


72594 


A 


28-05-96 


JP 


8508278 


T 


03-09-96 


NO 


953861 


A 


29-09-95 


NZ 


265054 


A 


22-08-97 


PL 


311474 


A 


19-02-96 


SK 


122395 


A 


10-01-96 



EP 


0262108 


A 


30-03-88 


CY 


1791 


A 


20-10-95 










DE 


3774987 


A 


16-01-92 










HK 


46194 


A 


20-05-94 










JP 


2668000 


B 


27-10-97 










JP 


63093795 


A 


25-04-88 










KR 


9514460 


B 


28-11-95 










US 


4925933 


A 


15-05-90 


WO 


9524416 


A 


14-09-95 


AU 


1949195 


A 


25-09-95 










EP 


0749438 


A 


27-12-96 










JP 


9509952 


T 


07-10-97 



Form PCT/ISA/210 (patenl family annex) (July 1992) 



